To elucidate the mechanism and site of action of pentazocine-induced sympathetic stimulation, plasma catecholamines were measured after intravenous pentazodne 1.2 mg/kg in 20 patients with epidural blockade extending to different levels. In patients with low epidural blockade (below T8) total plasma catecholamines increased during the 20-minute observation period to a ma;imnm of about 40% 5 minutes after the injection of pentazodne. The increase in catecholamines comprised mainly noradrenaline and corresponded to the rise in blood pressure and heart rate. In patients with high epidural blockade (over T6) pentazodne caused a slight fall in catecholamine level. In these patients the pentazocine-induced rise in blood pressure was nearly abolished. It is considered that the site of pentazocine-induced sympathetic stimulation is central.
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It is now established that intravenous injection of pentazodne causes a rise in blood pressure and heart rate (Keats and Telford, 1964; Tammisto et al., 1970) . According to Keats and Telford this is caused by the sympathetic stimulation which in man is of central origin and a counterpart of the stimulation of the central nervous system which produces tremors and convulsions in animals (Harris and Pierson, 1964) . Our earlier observation that both anaesthesia (Tammisto et aL, 1970) and high epidural blockade (Tammisto and Kjellberg, unpublished) counteract the pressor response to pentazodne supports this assumption. Moreover, the recent finding that the increase in blood pressure after pentazodne was assodated with dearly elevated plasma catecholamines indicates sympathetic stimulation (Tammisto et al., 1971) . To eluddate further the mechanism of the sympathetic stimulation caused by pentazodne we measured plasma catecholamines, blood pressure and heart rate after intravenous pentazodne in patients with sympathetic blockade induced by epidural anaesthesia.
PATIENTS AND METHODS
Twenty male patients scheduled for elective surgery (mainly urological cases) recdved the same preanaesthetic medication of atropine 0.01 mg/kg and pethidine 1 mg/kg by intramuscular injection.
In the induction room, the largest accessible vein was cannulated and a slow infusion of balanced Ringer's solution (Fysiosol, Leiras Oy) was started. When cardiovascular stability had been achieved (three consecutive similar readings of blood pressure and heart rate) control blood samples were taken.
Epidural blockade was performed by the injection of 0.5% bupivacaine in half of the patients at the L1-L2 interspace to produce high blockade and in the other half at the L4-L5 interspace to produce low blockade. The volume of bupivacaine solution was calculated as described by Eriksson (1969) to achieve 20 segments in the high blockade and 10 segments in the lower blockade.
Half of the patients in each of the two groups received 0.5% bupivacaine as Marcain-adrenaline and the other half as Marcain-plain. Thereafter the intravenous drip was turned on and 10 ml/kg was infused in 30 min.
The blockade resulted in the division of the patients into three groups based upon the extent of epidural blockade. Tables I and II show their distribution between the three groups.
The level of extent of the blockade, as tested by pinprick and by thermal (+55°C) sensibility 30 min after the injection was higher than T6 in 8 patients and lower than T8 in the other 8 patients. In 4 patients the level of the block was from T6 to T8. At this time pentazodne 1.2 mg/kg was injected over 60 sec through die side arm of the drip.
Blood samples for measurements of catecholamines were collected from the cannulated antecubital vein 10, 20 and 30 min after the institution of the blockade and 5 and 15 mi" after the analgesic injection. Blood pressure and pulse rate were measured 5, 10, 15, 20, 25 and 30 min after the institution of the block and 2, 5, 10, 15 and 20 min after the injection.
Catecholamine determinations.
The technique used for the quantitative determination of adrenaline (A) and noradrenaline (NA) in the plasma was based on the principles described by Vendsalu (1960) . The details of the technique corresponded with those described earlier (Tammisto et al., 1971) .
RESULTS
Blood pressure and heart rate.
Effect of blockade. Based on the extent of the blockade the results were examined in three groups. The characteristics of the patients before the institution of the blockade are shown in tables I and n. After institution of the blockade, systolic blood pressure fell similarly with high and intermediate blockade whereas only a negligible fall was found with low blockade ( fig. 1) but were less marked and were not significantly different in the three groups. The increase in heart rate ( fig. 1 ) was more marked in low and intermediate blockade groups but without there being a statistically significant difference between the groups (P>0.05). In all groups the heart rate then fell, gradually returning to the preanaesthetic level before pentazocine injection. Effect of pentazocine injection. Since the blood pressure and plasma catecholamines after institution of blockade were similar in the bupivacaine-adrenaline and bupivacaine-plain groups these results have been considered together. Also the distribution of the two types of bupivacaine solutions was the same in the groups with different extent of epidural blockade. The mean rise in systolic blood pressure following pentazocine in the low epidural group reached its maximum (23.1 ±5.3 SE mm Hg from the prepentazocine level) 10 min after the injection and was sustained at this level throughout the whole observation period. In the high blockade group a minor increase (6.3 ±4.2 SE mm Hg) 10 min after the injection was observed. The results between high and low blockade groups differed significantly (P<0.01) at 5 and (P<0.05) at 10 min. The rise in systolic blood pressure in the intermediate group was of the same order as that in the low blockade group and also differed significantly (P<0.05) from the corresponding response in the high blockade group at 5 and 10 min. In the intermediate group the systolic pressure, however, did not reach the initial preanaesthetic leveL The changes in diastolic blood pressure and heart rate followed the same pattern as the systolic pressure but were less marked and without statistically significant differences between the groups.
Plasma catecholamines.
Effect of blockade. In the high epidural blockade group the level of total plasma catecholamines ( fig.  2 ) tended to increase following the institution of the block. This increase in total catecholamines was mainly due to increase of noradrenaline level. In the low and intermediate blockade groups this tendency was not observed. In the low blockade group, however, an increase in plasma catecholamines at 30 min was measured which was due to increase in the level of adrenaline. No statistically significant differences between these changes were found.
Effect of pentazocine injection. Pentazocine administration increased the total plasma catecholamine level ( fig. 2) , with a maTitTpiTT! rise of 0.46 ±0.26 SE /ig/1. (40% from the preinjection level) 5 min after the injection in the low blockade group, and 0.31 ±0.07 SE /ig/1. at 15 min in the intermediate group. In the high blockade group there was tendency for the levels to fall, by -0.14 ±0.16 SE /ig/1. at 5 min, and -0.16 ±0.09 SE M g/l at 15 min.
The pentazocine-induced increase in catecholamine comprised mainly noradrenaline in low and intermediate groups. The mean increase of noradrenaline was 0.25 ± 0.17 /ig/1. at its maximum 5 min after injection in the low blockade group, and thus about 53% of the preinjection level of 0.47 ±0.12 SE /ig/1. A similar increase 0.24 ±0.09 SE /ig/1. was measured in the intermediate blockade group. After pentazocine in the high blockade group the noradrenaline and adrenaline levels showed a slight tendency to fall, whereas the adrenaline levels in the low and intermediate blockade groups remained unchanged. The statistical significance of these changes could not be ascertained.
DISCUSSION
The blood pressure response to intravenously administered pentazocine has previously been attributed to sympathetic stimulation of central origin (Keats and Telford, 1964) . This is in keeping with the finding that the pressor response is associated with an increase in plasma catecholamine levels (Tammisto et al., 1971) and that the pressor response is counteracted by general anaesthesia and epidural blockade (Tammisto, 1971) .
In the present study the pressor respose to pcntazocine was almost completely blocked by hign epidural blockade, while the response under low epidural blockade was similar to that obtained in healthy unanaesthetized patients (Tammisto et al., 1970 (Tammisto et al., , 1971 . The results further suggested that the pentazocine-induced increase in plasma catecholamine levels is prevented by a high epidural blockade.
The interpretation of the results is, however, hampered by the changes caused by the institution of epidural blockade. Thus the blood pressure at the time of the pentazocine injection was at a significantly lower level after high epidural blockade than after a low blockade. This different reference level, however, does not explain the abolished pressor response, since in the intermediate group the pressor response was elicited despite a lowering of blood pressure after institution of blockade. Epidural blockade seemed to affect the level of catecholamines also and curiously a tendency to elevated noradrenaline levels was seen after high blockade. If this finding is confirmed then it must represent a compensatory overactivity of the still functioning sympathetic nervous system above the blockade.
After low blockade the level of catecholamines was above the preanaesthetic level at the time of the pentazocine injection. Here the increase, however, was due to adrenaline. Though this isolated increase was not statistically significant it might partly explain the fact that the elevation of plasma catecholamines after low blockade was 40% and was of noradrenaline only, compared to the 100% increase comprising both noradrenaline and adrenaline previously found in unanaesthetized patients (Tammisto et aL, 1971) .
Despite the limitations discussed there is strong evidence that in addition to the pentazocine-induced pressor response the associated increase in plasma catecholamines is also prevented by a high epidural blockade. These findings, therefore, suggest that the pressor response to pentazocine is due to sympathetic stimulation at central sites. El aumento en las catecolaminas se compuso principalmente de noradrenalina y se correspondi6 con un aumento de la presion arterial y de la frecuencia cantiara. En pacientes con bloqueos epidurales altos (por encdma de T6) la pentazocina did lugar a un ligero descenso en los niveles de catecolaminas. En estos pacientes la elevacion de la prejion arterial inducida por la pentazocina tui abolida casi por complete Consideramos que la ligera estimulaci6n simpatica inducida por la pentazocina es central.
